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PHARMACEUTICAL OR FOOD COMPOSITION FOR THE TREATMENT OF PATHOLOGIES 
CONNECTED WITH TRANSPLANT REJECTIONS, AN ALLERGIC REACTION, OR AN 
AUTOIMMUNE REACTION 



Purpose of the Invention 

This invention pertains to a new pharmaceutical or food 
composition intended for the treatment of pathologies connected 
with transplant rejections, allergic reactions, or autoimmune 
reactions . 

Technological Background Underlying the Invention 

For some twelve years, controlled studies have been describing 
desensitization based on the oral administration of allergens (1) . 
This method is based on the fact that the oral administration of an 
antigen facilitates the acquisition of an immunological tolerance 
to the antigen. The digestive tract constitutes the means of the 
organism's contact with antigens, either of food or microbial 
origin. However, allergic reactions are rare. The oral 
administration of sheep red blood cells (SRBC) to rats prevents the 
rats from later producing anti-SRBC antibodies following a 
subcutaneous injection, whereas without any prior oral 
administration, the allergic response would have occurred. This 
phenomenon constitutes, from an immunological standpoint, what is 
called oral tolerance. 

This method of oral desensitization has been validated in 
controlled prospective studies and makes it possible to reduce the 
risk of anaphylaxy, particularly for birch pollen and mites. It is 
already available on the vaccine market in a drinkable form (sold 
by the company Laboratoire des Stallergenes, Paris) . 

Furthermore, one can consider that the benefit in terms of the 
protection of newborns against allergy to milk, which has been 
discovered since the introduction of new formulas of enzymatically 
predigested powdered milk, would result from the induction of 
immunological tolerance by introducing the antigens in the form of 
peptides . 

It is difficult, however, to predict or observe the efficacy 
of desensitization. Clinical observation is capable of determining 
whether an improvement in the symptoms has been achieved or not, 
after the fact. 

We know from international patent application WO96/36880 that 
it is possible to detect and/or quantify ligands specific to a 
pathology connected with an allergic response, an autoimmune 
response, or lung cancer using a competition test between the 
ligands present in a sample with other discriminatable ligands. 
This test is based on the fact that the allergic and symptomatic 
subjects recognize different epitopes by their antibodies from 
those recognized by the antibodies of tolerant subjects with the 
same specific antigen of said pathology. This document furthermore 
describes the possibility of measuring the change in this 
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specificity, particularly in the case of children allergic to milk, 
and the change toward acquiring a tolerance to milk in vivo. 

Purpose of the Invention 

The purpose of this invention is to provide a new composition 
that may be either a pharmaceutical or food composition aimed at 
modifying the immune response of patients with regard to a 
pathology connected with an allergic reaction, an autoimmune 
reaction, or in connection with transplant rejection phenomena, in 
such a way that the immune response of said patients approximates 
the natural tolerance manifested by normal subjects (who remain 
asymptomatic even though they are likely to be exposed to the 
pathology) . 

This invention is also aimed at providing a low-cost 
pharmaceutical or food composition that is easy to administer and 
which can be used prophylactically and/or therapeutically. 

Characteristic Features of the Invention 

This invention refers to a pharmaceutical or food composition 
comprising an adequate pharmaceutical or food vehicle, a stress 
protein (also referred to as a "heat shock protein" or HSP) , and at 
least one of the (conformational or sequential) epitopes of an 
antigen structure, with said antigen structure inducing a 
transplant rejection, an allergic reaction, or an autoimmune 
reaction. The pharmaceutical or food vehicle of the composition is 
preferably adequate for administration by mucosal route 
(specifically, by oral route) or cutaneous route. 

Preferentially, the stress protein and the epitope form a 
complex by natural means (that is, without the formation of a 
covalent bond) as described by Roamn et al., Febs (1994), Fouri et 
al., The Journal of Biological Chemistry, Volume 269 no, 48, p. 
30470-30478 (1994), Palleros et al . , The Journal of Biological 
Chemistry, Volume 269 no. 48, p. 13107-13114 (1994), Grageroov and 
Gottesman, Journal of Molecular Biology, no. 241, p. 133-135 
(1994), and Schmid et al., Science, Volume 260, p. 1991 (1994) 
incorporated below by reference. 

According to the invention, the epitope (also referred to as 
the antigen determinant) is obtained by hydrolysis of said antigen 
structure, preferably of the enzymatic type and particularly with 
pepsin. 

In an advantageous manner, the stress protein is a bacterial 
stress protein, for example, that is present in saprophytic 
bacteria such as E. coli. 

Among the stress proteins of this invention, we can mention 
the GroEL stress protein, the GrpE, DnaK, or DnaJ stress proteins 
as described by Hendrick and Hartl (Annual Review of Biochemistry, 
. no. 62, p. 349 (1993)), or heat shock proteins (HSP) 60, 70, etc. 

The term "transplant rejection phenomenon, allergic reaction, 
or autoimmune reaction" refers to the immediate or delayed 
hypersensitivity reactions caused by contact/ particularly with an 
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allergen (this reaction may be immediate and specific (anaphylaxy, 
rash, etc.) or delayed) or autoimmune diseases and immune system 
disorders of the immediate or delayed type connected with 
transplant rejections in which the host rejects the transplant and 
vice versa. 

Autoimmunity is a state of immunization of a subject against 
the subject's own substances, and the transplant rejection 
phenomenon is a state of a subject's immunization against foreign 
substances (bodily fluids such as blood, cerebrospinal fluid, etc., 
cells, tissues, organs, antibodies, etc.) voluntarily implanted in 
the patient. These phenomena are observed in particular in the 
pathologies chosen from among the group consisting of infections 
related to SLE (Systemic Lupus Erythematosus disease) , the 
Gougerot-Sjogren syndrome (or Sjogren's disease), and rheumatoid 
arthritis, as well as pathologies such as sarcoidosis and 
osteopenia, spondylarthritis, scleroderma, multiple sclerosis, 
amyotrophic lateral sclerosis, hyperthyroidism, Addison's disease, 
autoimmune hemolytic anemia, Crohn's disease, Goodpasture's 
syndrome, Graves' disease, Hashimoto's thyroiditis, idiopathic 
purpura, insulin-dependent diabetes, myasthenia, pemphigus 
vulgaris, pernicious anemia, poststreptococcal glomerulonephritis, 
psoriasis, and spontaneous sterility, as well as the immediate or 
delayed phenomena observed with transplant rejections. 

The term "antigenic structure inducing a transplant rejection, 
an allergic reaction or autoimmune reaction" refers to allergens, 
preferably those chosen from among the group consisting of the 
major allergic antigens present in foods such as eggs, soy beans, 
milk, particularly bovine beta-lactoglobulin (BLG) coming from 
cow's milk; the major allergic antigens present in plants, molds, 
medications (particularly antibiotics) , pollens, major allergic 
antigens present in animals, particularly in hair, venom, 
particularly wasp venom; major antigens of the allergic reaction to 
mites, to mites present in house dust (antigen PI Dermatophagoides 
pteronyssinus) ; the major antigen of Aspergillus fumagatus, and 
staphylococcal enterotoxin B (SEB) . 

Other non-limiting examples of allergens or mixtures of 
allergens have also been described in publication ISBN-91-970475-5- 
4 by Pharmacia AB, incorporated herein by reference. 

The "antigenic structure" can also be an antigenic complex 
inducing an autoimmune disease. This antigenic structure is 
preferably specific to lupus (SLE) or Sjogren's disease, 
particularly the plasmatic membrane or a portion of this membrane 
containing membrane DNA having a weight greater than 100 KD, such 
as described, for instance, in patent application W096/13723 whose 
publication number is incorporated by reference. 

Other non-limiting examples of antigenic complexes inducing 
autoimmune diseases have also been described by I.M. Roitt 
(Essential Immunology, Blackwell Scientific Publication (Ch. 14), 
ISBN 0-632-01994-8) and by R.L. Humbel (Auto-antibodies and 
autoimmune diseases, Ed. Scientif iques Elsevier (1994), ISBN 2- 
906077-58-5) . 

This antigenic structure can also be a major locus of 
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histocompatibility (MHC I and/or MHC II) or a portion thereof 
specific to an individual and participating in transplant rejection 
phenomena (including transfusions of bodily fluids) . 

The adequate pharmaceutical or food vehicle according to this 
invention can be any additive or medium, such as a non-toxic 
compatible substance for administering the composition according to 
the invention to a patient. The type of adequate pharmaceutical or 
food vehicle used will depend on the chosen means of 
administration. In particular, for oral administration, these 
vehicles may consist of aqueous solutions, syrups, tablets, 
capsules , etc . Other pharmaceutical vehicles such as cremes or 
ointments may be chosen depending on the type of administration, 
particularly for cutaneous administration. 

Specialists in the field may also adapt the pharmaceutical 
vehicle depending on whether administration is subcutaneous, 
intradermal, intravenous, intramuscular, parenteral, by nasal or 
oral inhalation, etc. 

The percentage of active compound present in the composition 
of this invention will depend on the type of patient and pathology 
being treated, and the administration route. The doses will only be 
limited by the patient's tolerance for the product, as well as by 
the frequency of administration. 

The administration concentrations shall be chosen in such a 
way that the signs and symptoms of the aforementioned pathologies 
are reduced, and preferably eliminated, by the administration doses 
called for by the dosage regimen. 

Quite unexpectedly, the Inventors discovered that the use of 
the pharmaceutical and/or food composition of this invention makes 
it possible to modify a patient's immune response induced by said 
antigenic structure. The modification of a patient's immune 
response can, for instance, be detected and quantified according to 
the process and technique described in patent application 
WO96/36880 or by any other method for clinically analyzing the 
patient undergoing treatment (including prophylactically) known to 
specialists in the field. 

Another aspect of this invention concerns the use of the 
composition of this invention for preparing a medication intended 
to modify the immune response of a patient to an antigenic 
structure inducing a transplant rejection, an allergic reaction, or 
autoimmune reaction. In particular, this invention refers to the 
use of the pharmaceutical and/or food composition of the invention 
for preparing a medication intended for the desensitization of 
atopic and non-atopic allergies. 

Another aspect of this invention concerns the use of the 
pharmaceutical and/or food composition of the invention for 
preparing a medication intended for the prevention or treatment of 
allergic reactions, the aforementioned autoimmune diseases, the 
treatment or prevention of transplant rejection, possibly in 
combination with a specific product to decrease or neutralize the 
allergic reactions, autoimmune reactions and transplant rejection 
phenomena (particularly the administration of immunosuppressors 
such as azathioprine, steroids, ant i- lymphocyte globulins, 
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cyclosporin A, rapamycin, KF-506 (Tacrolimus), or lymphokins 
(particularly IL-10) , their analogs, and their agonists well known 
to specialists in the field. 

The term "analogs and agonists" of these molecules refers to 
other molecules or derivatives of these molecules acting on the 
same receptor or via the same mechanism of action as the 
aforementioned specific products. 

This invention also concerns a process of therapeutic or 
prophylactic treatment of a patient consisting of a stage in which 
the composition of the invention is administered to said patient in 
order to modify the patient's immune response to an antigenic 
structure inducing a transplant rejection, an allergic reaction, or 
an autoimmune reaction. 

This invention will be described in greater detail in 
reference to the figures described in the embodiment examples given 
below. 

Examples 

A. Basis for the Model under Consideration 

a) Use of the Oral Route 

Oral administration makes possible an induction of 
immunological tolerance and is applied more and more extensively in 
the field of allergy desensitization. However, it requires the use 
of larger quantities of antigen than by the parenteral route and 
must extend over periods of at least several years (2, 3). The 
optimization of the regimen of doses and their frequency can be 
adapted by specialists in the field so as to avoid syndrome 
reactions (replication of the allergic symptomatology in the event 
of an overdose) , which occur frequently but are not dangerous on 
account of the gradual increases in the administered doses (2) . 

b) Use of Peptide-Protein Stress Complexes 

Stress proteins (heat shock proteins, HSP) constitute a series 
of families of proteins that are very well preserved during 
evolution from bacteria to man and which have the capacity to bind 
to peptides or proteins whose conformational structure is altered 
or in the process of final conformation (4) . 

They have several roles, including participation in the 
intracellular transport leading to polypeptide assembly for the 
synthesis of certain proteins or their elimination. Some of them 
are expressed to the surface of different cells and may contribute 
to the antigenic presentation, particularly to T- lymphocytes having 
receptors for gamma-delta type antigens, which colonize the mucous 
membranes and lymphoid organs associated with the digestive mucous 
membrane . 

Antigenic presentation by means of HSPs belonging to the 
family HSP70, to gamma-delta (y, 8) T- lymphocytes makes it possible 
to do without the presentation dependent upon the major type-II 
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histocompatibility complex. 

Parenteral injection of HSP-peptide complexes in ^ experimental 
animals makes it possible to achieve a remarkable adjuvant effect 
(5, 6) thus bringing about or amplifying the antigenic power of 
these peptides . 

Certain HSPs from bacteria belonging to families HSP60 and 
HSP70 are the target of immune responses whose role is to protect 
against infection by these germs. 

It was recently proposed that desensitization be performed by 
oral route by giving peptide extracts from E. Coli containing HSP60 
to patients suffering from rheumatoid arthritis, with some 
beneficial effect (5, 6) . Considering the minimal side effects, the 
authors suggest that the test be tried on other inflammatory 
afflictions in order to manipulate a response directed against one 
of these microbial HSPs itself, considered to be a substitute for 
an auto-antigen. 

Quite unexpectedly, the Inventors discovered that the^ stress 
proteins acted as a remarkable vector for presenting peptides to 
the lymphoid systems of the digestive tract, and for inducing 
tolerance. The stress proteins of saprophytic bacteria seem to be 
the most abundant naturally in the digestive cavity. It is also 
likely that the peptides coming from the digestion of food 
constitute the most abundant mass of antigenic fragments available 
for the formation of HSP-peptide complexes. Still, the abundance of 
peptides generated and the presumed limited quantity of bacterial 
HSPs makes the formation of an immunologically effective quantity 
of these HSP-peptide antigenic complexes unreliable, especially 
since the absorbed quantity of antigen aimed at desensitizing ^ is 
very small (a few tens of Jig) compared to the mass of food protein. 

The Inventors proposed that the formation of these complexes 
be promoted prior to arriving in the digestive tract, that is, in 
vitro, by using purified stress proteins of E. Coli and peptides 
coming from the pepsin digestion of BLG. 

c) Use of Competition Tests Between Serum and Monoclonal Antibodies 
for BLG 

The two monoclonal antibodies referred to hereinafter as M6 
and M7 each recognize a different conformational epitope on the BLG 
molecule. Their different qualitative properties are used as 
recognition markers of singular epitopes in competition with all of 
the serum antibodies of a subject. Clinical studies demonstrate 
that symptomatic subjects and asymptomatic subjects recognize 
epitopes on this molecule which, at least for a portion, are 
different (7), something which will be called epi topic profiles 
below. 

The epitope recognized by M6 is particularly well recognxzed 
by allergic and symptomatic subjects. The fixation of the M6 
antibody to the intact BLG is indeed inhibited better by the serums 
of children allergic to milk than by those of non-allergic 
subjects, whether they are healthy children or adults (blood 
donors) . 
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The epitope recognized by M7 is better recognized by 
asymptomatic subjects than by allergic subjects. The fixation of 
antibody M7 to the BLG is better inhibited by asymptomatic subjects 
than by allergic subjects. 

The antigenic bond competition against M6 is used as a 
specificity index representing the profile of epitopes recognized 
by allergic subjects and, conversely, the competition against M7 as 
a specificity index representing the profile of epitopes recognized 
by asymptomatic subjects. 

The validation of this interpretation was given over time by 
clinical studies. The acquisition of a state of tolerance to milk 
is accompanied by a conversion of the fine specificity of the serum 
antibodies toward the profile typical of asymptomatic subjects. 

This discrimination of epitopes expressed to the mass of 
circulating antibodies is what serves as the analysis tool for 
influencing the oral antigen modulation. 

B. Experimental Model 

Syngeneic mice were given very small quantities of peptides 
coming from the pepsin digestion of beta-lactoglobulin (BLG) either 
previously coupled or not with purified stress proteins whose 
functional capacity was intact (capacity to bond with peptides or 
altered proteins) in their drinking water. 

a) Animal Origin and Breeding Conditions 

Forty animals aged 8 to 16 weeks were taken from a stock of 
Balbc mice given a food supply poor in cow's milk for several 
generations: 30 fig of beta-lactoglobulin/gram of nutritional 
pellets . 

b) Preparation of Antigenic Complexes 

The BLG was digested in contact with pepsin coupled with 
agarose (Sigma) under incomplete digestion conditions, then 
filtered with a 10, 000-Dalton filter. The concentration of the 
digestion product (pB) was measured using spectrophotometry (yield 
of 30 to 50% of the protein intact) . 

Phosphate buffer solutions (PBS) of 1 p,g/ml were incubated 
with solutions of 1 fig/ml of the following stress proteins of E. 
Coli: DnaK, DnaJ, GroEL, and GrpE (Stressgen) for at least one hour 
at ordinary temperature. Aliquots of 1 ml of each combination were 
frozen. 

c) Treatment Groups and Dosage Regimens of Complexes by Oral Route 

A solution of complexes (1 ml) was added, after thawing, to 
the 100-ml water bottle given daily to each cage of four mice. Each 
type of complex was administered to 8 mice. A control group was 
given the non-contplexed pB antigen. 

The solution was added 3 times per week for two weeks (that 
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is, six times) starting with time zero. 

d) Antibody Response 

An individual sampling of blood was taken from the retro- 
orbital plexus at time zero and after 4 weeks. The animals were 
anesthetized with ether and their blood removed after 8 weeks. 

The specificity of the serum antibodies was examined by means 
of an ELISA competition test. 

e) Antibody Specificity Test using Competition 

Multiple-well polystyrene plates were passively covered with 
a small quantity of BLG (0.3 fig/ml in bicarbonate buffer) through 
absorption at ordinary temperature, then saturated with gelatin 
(1%, weight/vol - Haemacel (R) ) . 

The mouse serum was diluted to 1:100 in a dilution buffer 
(PBSdil) consisting of: PBS-EDTA (10 mM) - Tween 20 (0.05% - 
gelatin (Haemacel - 1%) . 

Two monoclonal mouse antibodies produced were selected for 
their specificity to conformational epitopes of BLG. They were 
biotinylated and used at their antigenic fixation limit dilution 
defined in the following way: the dilution that enables a maximum 
signal but sensitive to any reduction of the antigen content at its 
own dilution, and inhibitable through competition with a pool of 
sera from untreated mice. Indeed, the untreated mice produce 
natural antibodies against the BLG on account of the antigenic 
exposure in the food, albeit minimal. 

A quantity of 100 fil of diluted serum and biotinylated 
antibodies are mixed in a well in duplicate. 

After an incubation period of one night at ordinary 
temperature, fixation of the monoclonal antibody is measured 
according to the proportional retention of biotin revealed through 
collection of streptavidin coupled with horseradish peroxidase. The 
peroxidase colors a substrate with orthophenylene diamine. The 
optical density (OD) is measured using spectrophotometry. The 
background noise (b.n.) is measured in wells not containing 
antigen. The maximum fixation is defined either in the absence of 
competition (monoclonal antibody alone) or in the presence of serum 
having a particularly low inhibition. 

The results are expressed as a percentage of inhibition of the 
fixation of monoclonal antibodies by: % inhib = 100 x (OD of the 
test - OD b.n.) / (maximum OD - OD b.n.). 

The correspondence between the profile of epitopes recognized 
on the antigen and the clinical state of the subject (tolerance or 
not) is confirmed by other examples: 

- mite allergy model: 

the evolution of the fine specificity of anti-mite antibodies 
in allergic children demonstrates the existence of a profile 
of epitopes under the effect of the desensitization induced 
both by parenteral and oral route, 

- the evolution of the antibodies 
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g) Results 

Figure 1 summarizes the experimentation data: 
Inhibition of M6 Antibody 

On the left portion are shown the changes in the inhibition 
averages (+ standard deviation) of the fixation of monoclonal M6 
antibodies by individual sera for the various treatment groups . 

The figures are reiterated in Table 1. 

The control group being given the peptides digested with 
pepsin (pB) experienced an increase from 45% to 60% and then 59% in 
its average inhibition capacity after 4 and 8 weeks. This change is 
significant (p < 0.05 - paired T-test) compare to the start, but 
stable after 4 weeks. 

For the group being given the DnaK-pB complexes, this capacity 
goes from 48% to 56% and then 77% over the same period, with the 
latter being greater than in the control group (p < 0 . 01 - unpaired 
T-test) and very significant compared to time zero (p < 0.001 - 
paired T) . 

Likewise, the groups being given the DnaJ-pB, GroEL-pB, and 
GrpE-pB complexes experience a very significant increase after 4 
weeks, which grows stronger by the eighth week (well above the 
value of the control group for the GroEL-pB and GrpE-pB complexes 
at the same time) . 

Inhibition of M7 Antibody 

On the left portion of Figure 1 are shown the changes in the 
inhibition averages (+ standard deviation) of the fixation of 
monoclonal M7 antibodies by individual sera for the various 
treatment groups . 

The figures are reiterated in Table 2. 

The control group being given the peptides of pepsin-digested 
BLG (pB) have an average inhibition capacity that decreases from 
70% to 52% and then 57% after 4 and 8 weeks. This change is 
significant (p < 0.01 - paired T-test) although stable after 4 
weeks . 

For the group being given the DnaK-pB complexes, this capacity 
is already reduced significantly by the fourth week, going from 68% 
to 51%, as in the control group. 

But the results drop to 17% by the eighth week (p < 0.01 - 
paired T) , which is clearly lower than the control group for the 
corresponding sampling (p < 0.01 - T-test not paired). 

The change is parallel to that of the group treated with the 
DnaJ-pB complexes. 

For the group being given GroEL-pB complexes, the reduction in 
the inhibiting power is maximum right from the start, reaching 28% 
in the fourth week and remaining at the same approximate level of 
30% in the eighth week. 

In the group being given GrpE-pB complexes, the reduction in 
the inhibiting power is also maximum right from the start, going 
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from 72% to 22% by the fourth week, but it seems to then diminish, 
returning to an average rate of 41%. 

h) Conclusion 

The administration of peptides resulting from the enzymatic 
digestion of a major antigen of milk, i.e., beta-lactoglobulin, in 
the form of complexes bound to stress proteins according to the 
invention, and by oral route, brings about a radical and very quick 
modification in the profile of the epitopes recognized by the 
circulating antibodies. These antibodies are naturally present in 
all subjects exposed to the antigen by their food. In a model of 
mice exposed chronically to a small quantity of the antigen by this 
route, the dose of antigen administered during a brief lapse of 
time is very low, far below the quantity ingested naturally 
(estimated at 0,25 \ig per subject per day of treatment in the form 
of complexes, and 150 \ig per subject per day in normal food) . 

The speed of the change is all the more remarkable in that the 
half -life of the serum antibodies, primarily IgG, is 3 weeks, which 
means that by the eighth week there should still remain one fourth 
of the antibodies present at the end of just 2 weeks of treatment. 
All the stress proteins used were effective. In a second experiment 
with DnaK-pB complexes, an attempt to determine the lower dose 
limit was unsuccessful, even though doses ten times smaller were 
used (0.1 lig per 100-ml bottle 3 days per week). 

C. Orally-Induced Tolerance to Major Histocompatibility Antigens 

1. Experimental Model 

Syngeneic animals (Balbc mice) were given a protein 
preparation dissolved in their drinking water. It contained 
fragments of histocompatibility antigens from syngeneic mice of 
another strain, from which they would reject any transplant (C3H 
mice) . 

The tolerogenic effect is expected to be strengthened when 
these fragments are associated with a bacterial stress protein (in 
this case Dnak from E. Coli) . 

For control purposes, a group of mice was similarly given a 
Dnak complex with peptide fragments, obtained by similar means, 
from beta-lactoglobulin (major milk antigen) . 

One should expect the oral sensitization to specifically 
attenuate the lymphocyte reactivity with regard to a strain of 
foreign lymphocytes of the same type as those used for the oral 
preparation, and not with regard to a third, unrelated strain. 

2 . Apparatus and Method 
a) Animals: 

Three groups of 12 mice were taken from a stock of syngeneic mice 
of the Balbc strain raised in cages of 6 animals each. For 2 weeks, 
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each group was given one of the following preparations in the 
drinking water bottle at a rate of 3 distributions per week (every 
other day but not on week ends) and a dose of 1 Jig of complex for 
100 ml of water: 

- a complex of Dnak-peptides of beta-lactoglobulin (control 
preparation) 

- a solution of spleen lymphocyte membrane peptides from C3H mice 
digested with pepsin (containing fragments of histocompatibility 
antigens) 

- a complex of these peptides associated with purified Dnak of E . 
Coli (Stres^gen) . 

b) Acquired Tolerance Test (in vitro) 

This test is based on a mixed unidirectional lymphocyte culture. 

Responding cells are isolated from the spleen of the animals 
to be tested. The lympho-monocyte cells are obtained after density- 
gradient centrifuging with a mixture of f icoll-isopaque 
(Pharmacia) . They are resuspended with the help of 4 million 
cells/ml in an RPMI 1640 culture medium buffered with Hepes and 
bicarbonate, supplemented with 2-mercaptoethanol , glutamine, 
geomycin, and 10% veal serum. 

The stimulating cells are obtained in the same way from mice 
of different strains with regard to their MHC: the C3H strain and 
a domestic strain (DOM) . 

They are incubated for one hour in the presence of mitomycin 
in order to block their multiplication potential. They are then 
resuspended under the same conditions as the responding cells. 

Lymphocyte Culture: 

Equal volumes of suspension (0.1 ml) of responding cells and 
stimulating cells are mixed in three mixes in round-bottomed wells 
in multiple-well culture plates made of polystyrene, and are then 
incubated for 5 days in a humidified air/C0 2 incubator (95/5%; 
vol/vol), 37.5°C. 

Each microculture well is given 2 Jic of thymidine tritium- 
marked at 2 C/mM (Amersham) 16 hours prior to stoppage of the 
culture, which is done by means of a Mash II device which filters 
each microculture through a fiberglass membrane that holds back the 
cell nuclei . 

The nuclear radioactivity of each sediment, which reflects the 
incorporation of thymidine novo into the DNA, is measured by liquid 
scintillation counting (Packard Tricarb) . 

The results are expressed in Hits Per Minute and represent the 
average of 3 samples of the same culture on the individual level. 

c) Experiment Scheme 

The samples are taken at two different times: 

- during the third week following the start of oral administration 
of one of the preparations 
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- during the seventh week. 

The animals are sacrificed in 3 stages per period. 

Each culture experiment includes two animals per treated group. 

The mixed lymphocyte culture is made at the same time: 

a) for the mitomycinated cells of C3H origin 

b) for the mitomycinated cells of DOM origin. 

d) Preparation of the Peptides 

Lymphocytes (20 million) of a strain of appropriate mouse are 
isolated from the spleen. This is a mixture of T- and B-lymphocytes 
in approximately equal proportions and therefore carrying type I 
and type II antigens. They are treated with ultrasound (3 x 10 
seconds) and then centrifuged at 1000 g for 10 minutes. The 
supernatant liquid is collected and centrifuged again in the same 
manner. Next, the supernatant liquid is centrifuged twice at 8000 
g. The last supernatant liquid is enriched with cell membranes and 
cleaned of cell nucleus debris and Golgi apparatus. It is then 
subjected to digestion with pepsin in combination with agarose 
beads at pH 2 in a glycine buffer for 1 hour and 30 minutes at 
37°C. After mild centrifuging in order to separate out the agarose 
beads, and neutralization to pH 7 with a Tris buffer, the mixture 
is filtered with a filter (Millipore limit 10 kD) . The yield is in 
the vicinity of 500 \ig of peptide (determined by spectrophotometry) 
referred to as LMp. 

A solution of 50 \ig of peptide is mixed with a solution of 50 
\ig of Dnak (Stressgen) to form a Dnak-LMp complex. 

The Dnak complex with beta-lactoglobulin peptide (Bp) is made 
in the same way using peptides coming from the pepsin digestion of 
purified beta-lactoglobulin (see above) . 

3 . Results 

After 3 Weeks of Treatment (Figure 2) 

The group of mice having received the Dnak-LMp complex does 
not respond as well to stimulation with mitomycinated C3H cells 
(C3Hm) . 

This is different (p < 0.02; T-test) from the group that was 
given just the LMp peptide and also from the one given the control 
complex Dnak-Bp (p < 0.01; T-test). 

Still, one must note that the administration of peptide alone 
(without Dnak) also has an effect, since this group is 
significantly less responsive than the control group (p < 0.01; T- 
test) . 

However, the specificity of the response inhibition is 
guaranteed by the fact that the lymphocyte reactivity of the three 
groups to mitomycinated cells from a third, unrelated strain (DOMm) 
is comparable. 

After 7 Weeks (Figure 3), i.e., 4 Weeks After Stoppage of Oral 
Administration 
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The difference between the three groups remains quite clear. 
The group treated with Dnak-LMp is the most inhibited compared both 
to the one having received just membrane peptide (p < 0.02; T-test) 
as well as the control group (p < 0,01; T-test) . 

The administration of peptide alone still provides a response 
attenuation compared to the control group (p < 0.01; T-test). 

The specificity of the response is once again confirmed by the 
parallel test on the mitomycinated cells from an unrelated strain 
(DOMm) in which the three groups treated differently react in the 
same way. 

The administration of peptides obtained through pepsin 
digestion of spleen lymphocytes from mouse strains characterized by 
an incompatibility in the H-2 system both on levels K and D as well 
as A-E in extremely small quantities and for two weeks has the 
effect of greatly attenuating the unconditional response of immuno- 
competent lymphocytes in vitro, which generally indicates this 
incompatibility . 

This attenuation is reinforced by the formulation of this type 
of peptide in the form of peptide-Dnak complexes. 

This attenuation is specific and does not affect in any way 
the ability to respond to a different variety not related to the 
strain used for inducing tolerance. 

D. Tolerance of Syngeneic Mice to Allogenic Cell Transplants 
1. Experimental Model and Plan 
Strains of mice: 

- Balbc for the animals made tolerant 

- C3H for the animals providing (allogenic) cells for transplanting 
and stimulating cells in a mixed lymphocyte culture (MLC) . 

The mice are raised in cages of 6 animals each. Each group 
consists of 12 animals per treatment. 

The oral treatment is done according to the foregoing 
protocol . 

Experimental Scheme : 

Complexes administered in the drinking water: 

days 0, 2, 4, 7, 9 
Allogenic transplant: 20 x 10 € spleen cells from C3H 
intraper i toneal ly : 

day 16 

Sacrificing, collection of spleens, and cultivation of spleen 
cells: 

15 weeks after the transplant 
Detection and Counting of Allogenic Cells 
a) By the presence of cells carrying type II MHC 
Functional test in a mixed bidirectional syngeneic culture 
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The spleen cells of treated mice having undergone a transplant 
are cultivated with cells from untreated (unaffected) syngeneic 
(Balbc) mice. 

Normally, no proliferative response is to be expected if the 
contents of the spleen cells from treated animals having undergone 
transplants consists solely of syngeneic cells. 

However, the presence of allogenic cells, indicating that the 
transplant has taken in vivo, should bring about a proliferation of 
type MLC by the so-called non- tolerant untreated cells, which is in 
proportion to the number of foreign cells. 

In order to assess the degree to which the transplant has 
taken, an attempt at a relative quantification of the response is 
made in reference to a dose/response curve obtained by adding 
increasing known quantities of allogenic C3H cells to an identical 
quantity of untreated responding cells (200 x 10 3 cells/well) . 

b) By the Presence of Cells Carrying Type I MHC 

Direct counting by flow cytof luorometry immunofluorescence 
using a mouse monoclonal antibody specific to type I MHC from the 
C3H mouse: H-2 kk (Serotec) combined with fluorescein or with 
phycoerythrin in a suspension of spleen cells. 

2 . Results 

As shown in Figure 4, 15 weeks after the peritoneal 
transplant, the spleen cells from the group treated with DnaK- 
peptide complexes from lympho-monocyte membranes of the C3H mouse 
are incapable of responding to stimulation by mitomycinated C3H 
cells. This indicates an induction of allogenic tolerance. 

The group treated with just the peptide is also tolerant, but 
to a lesser degree. 

The group treated with beta-lactoglobulin Dnak-peptide is not 
tolerant at all. 

Furthermore, the mixed cultures stimulated with another 
allogenic population coming from a histoincompatible strain other 
than C3H are all comparable. This indicates that no treatment has 
altered or differentiated the MLC response capacity and that the 
effect of the treatment is indeed specific to the strain of mouse 
from which the membrane peptides came. 

As shown in Figure 5, the MLC response of untreated animals 
not having undergone a transplant is used to reveal the existence 
of foreign cells in a mixture of spleen cells from animals having 
undergone transplants, which in this case would be of C3H origin. 

It seems that the spleens of mice treated orally with LMp and 
DnaK-LMp prior to the transplant contain allogenic elements, since 
they give rise to a proliferative response that is very 
significantly different from the response of the control group 
treated with a complex of DnaK- irrelevant peptides (beta- 
lactoglobuliii) . The response of this group does not differ from the 
background noise. 

For purposes of comparison, a series of mixed cultures was 
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performed simultaneously with increasing known quantities of C3H 
cells (Figure 6) . They gave rise to a proliferative response 
proportional to the quantity of foreign cells. 

The average level of response recorded with spleen cells from 
animals having undergone transplants and tolerance induction with 
DnaK-LMp complexes would correspond to a content of approximately 
30% C3H cells. 

The presence of cells of the transplanted type in the spleen 
is measured by immunofluorescence using an antibody specific to 
MHC I from C3H (H-2kk) (Table 5). The group treated with DnaK-LMp 
contains 14.7% on average, which is a significantly greater value 
than that of the two other groups. 

This presence of allo-antigens can only be observed if the 
spleen cells from animals having undergone transplants are allowed 
to rest for at least one night at 37°C without any serum. This 
suggests that it is indispensable to allow the re-expression of 
these antigens whose presence would thus be modulated in vivo, 
probably by anti-H-2kk antibodies. This adds another mechanism of 
transplant tolerance to the tolerance directed purely at the 
responding T-cells. 
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Table 1 

Inhibition of the monoclonal M6 antibody binding nBLG with 
individual mouse sera: change as a function of time according to 
the type of complex administered orally. 





% inhibition of the M6 bond 


Average 


Standard 
deviation 


Number of 
cases 


Group 1: Control (dBLG only) 


SAMPLE 


1 


45.0100 


8.4146 


8 


SAMPLE 


2 


60.6750 


3.9304 


8 


SAMPLE 


3 


59.6338 


17.4714 


8 


Group 2: dBLG-DnaK complexes 


SAMPLE 


1 


48.4350 


7.0540 


8 


SAMPLE 


2 


56.3675 


5.6146 


8 


SAMPLE 


3 


77.0975 


3.8966 


8 


Group 3: dBLG- 


SAMPLE 


1 


23.7350 


15.3990 


8 


SAMPLE 


2 


65.7013 


6.2958 


8 


SAMPLE 


3 


65.3863 


4.7270 


8 


Group 4: dBLG- 


SAMPLE 


1 


24.9538 


4.7972 


8 


SAMPLE 


2 


56.0100 


4.3929 


8 


SAMPLE 


3 


80.0287 


1.9401 


8 


Group 5: dBLG- 


SAMPLE 


1 • 


37.3313 


6.4248 


8 


SAMPLE 


2 


56.6962 


5.5641 


8 


SAMPLE 


3 


87.1525 


7.8731 


8 
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Table 2 

Inhibition of the monoclonal M7 antibody binding nBLG with 
individual mouse sera: change as a function of time according to 
the type of complex administered orally. 





% inhibition of the M7 bond 


Average 


Standard 
deviation 


Number of 
cases 


Group 1: Control (dBLG only) 


SAMPLE 


1 


70.0658 


3 .5541 


8 


SAMPLE 


2 


52.8224 


2.3458 


8 


SAMPLE 


3 


57.0592 


7.8996 


8 


Group 2: dBLG-DnaK complexes 


SAMPLE 


1 


68.9145 


2.6698 


8 


SAMPLE 


2 


51.6908 


3 .0857 


8 


SAMPLE 


3 


17.2697 


8.0473 


8 


Group 3: dBLG- 


SAMPLE 


1 


78.4276 


3.4832 


8 


SAMPLE 


2 


50.8553 


3.9778 


8 


SAMPLE 


3 


26.9145 


3.2069 


8 


Group 4: dBLG- 


SAMPLE 


1 


73.9671 


3.1679 - 


8 


SAMPLE 


2 


28.5132 


8.6072 


8 


SAMPLE 


3 


30.2829 


14.2174 


8 


Group 5: dBLG- 


SAMPLE 


1 


72.8355 


4.7722 


8 


SAMPLE 


2 


22.2961 


9.5040 


8 


SAMPLE 


3 


41.3684 


6.4331 


8 
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Table 3 

Titers of anti (native) nBLG antibodies after logarithmic 
conversion: change as a function of time according to the type of 
complex administered orally. 





Ln of titers (A.U.) 


Average 


Standard 
deviation 


Number of 
cases 


Group 1: Control (dBLG only) 


SAMPLE 


1 


3.8526 


.4547 


8 


SAMPLE 


2 


4.2162 


.3395 


8 


SAMPLE 


3 


4.2059 


.2946 


8 


Group 2: dBLG-DnaK complexes 


SAMPLE 


1 


3.9738 


.7957 


8 


SAMPLE 


2 


4.3749 


.6353 


8 


SAMPLE 


3 


3.2562 


.5057 


8 


Group 3 : dBLG- 


SAMPLE 


1 


3.7073 


.4435 


7 


SAMPLE 


2 


4.1348 


.5475 


8 


SAMPLE 


3 


4.3917 


.5047 


8 


Group 4: dBLG- 


SAMPLE 


1 


4.3714 


.4215 


8 


SAMPLE 


2 


3.6419 


.4704 


8 


SAMPLE 


3 


3.9964 


.2724 


8 


Group 5: dBLG- 


SAMPLE 


1 


4.1526 


.6401 


8 


SAMPLE 


2 


4.1739 


.4464 


8 


SAMPLE 


3 


3.6126 


.4873 


8 
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Table 4 

Differences in inhibition between the bonding of the M6 and M7 
antibodies to nBLG: 





% inhibition of the bonding of M6 
-% inhibition of the bonding of M7 


Average 


Standard 
deviation 


Number of 
cases 


Group 1: Control (dBLG only) 


SAMPLE 


1 


-25.0558 


9.0035 


8 


SAMPLE 


2 


7.8526 


5.6470 


8 


SAMPLE 


3 


2.5745 


19.8676 


8 


Group 2: dBLG-DnaK complexes 


SAMPLE 


1 


-20.4795 


8.5253 


8 


SAMPLE 


2 


4. 6767 


6.1131 


8 


SAMPLE 


3 


59.8278 


9.2686 


8 


Group 3 : dBLG- 


SAMPLE 


1 


-54.6926 


13.8705 


8 


SAMPLE 


2 


14.8460 


6.4665 


8 


SAMPLE 


3 


38.4718 


5.6903 


8 


Group 4: dBLG- 


SAMPLE 


1 


-49.0134 


3.9824 


8 


SAMPLE 


2 


27.4968 


10.6337 


8 


SAMPLE 


3 


49.7459 


14.6732 


8 


Group 5: dBLG- 


SAMPLE 


1 


-35.5043 


4.8959 


8 


SAMPLE 


2 


34.4002 


13.4093 


8 


SAMPLE 


3 


45.7841 


8.7931 


8 
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Table 5 

Persistent allogenic cells (H-2kk +) in the spleens of Balbc mice 
having received transplants of C3H cells: 



Oral Treatment 


DnaK-Bp 


Lymphocyte Membrane 
peptide (LMp) only 


DnaK-LMp 


1.0% 


0.9% 


14 .2% 


1.5 


2.8 


25.0 


0.5 


3.6 


9.2 


0.5 


3.7 


10.4 


Average St. Dev. 


Average St. Dev. 


Average St. Dev. 


0.9% 0.5 


2.7% 1.3 


14.7% 7.2 



Paired T- tests: 



DnaK-LMp/DnaK-Bp: p = 0.02 6 
DnaK-LMp /LMp : p = 0.052 
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CLAIMS 



1. A pharmaceutical and/or food composition comprising, with 
an adequate pharmaceutical and/or food vehicle, a stress protein 
and at least one of the conformational or sequential epitopes of an 
antigenic structure inducing a transplant rejection or an allergic 
reaction or an autoimmune reaction. 

2. A pharmaceutical and/or food composition according to claim 
1, characterized by the fact that the pharmaceutical and/or food 
vehicle is adequate for administration by mucosal route or by 
cutaneous route. 

3. A pharmaceutical and/or food composition according to claim 
1 or 2, characterized by the fact that the stress protein and the 
epitope form a complex. 

4. A pharmaceutical and/or food composition according to any 
one of the foregoing claims, characterized by the fact that the 
epitope is obtained by an advantageously enzymatic hydrolysis, 
preferably with pepsin, of said antigenic structure. 

5. A pharmaceutical and/or food composition according to any 
one of claims 1 through 4 , characterized by the fact that the 
stress protein is a bacterial stress protein. 

6. A pharmaceutical and/or food composition according to claim 
5, characterized by the fact that the bacterial stress protein is 
a stress protein of a saprophytic bacterium. 

7. A pharmaceutical and/or food composition according to 
either one of claims 5 or 6, characterized by the fact that the 
stress protein is a stress protein of E. Coli. 

8. A pharmaceutical and/or food composition according to claim 
7, characterized by the fact that the stress protein is chosen from 
among the group consisting of the GroEL, GrpE, DnaK, or DNAj stress 
proteins . 

9. A pharmaceutical and/or food composition according to any 
one of the foregoing claims, characterized by the fact that the 
antigenic structure is an allergen chosen from among the group 
consisting of the major allergic antigens present in milk, 
particularly bovine beta-lactoglobulin (BLG) from cow's milk; the 
major allergic antigens present in plants, particularly in pollens, 
in animal hairs, in animal venoms, particularly in wasp venom; the 
major antigens of the allergic reaction to mites, to the mite 
present in household dust (antigen PI of Dermatophagoides 
pteronys sinus) ; the major antigen of Aspergillus fumigatus, 
staphylococcal enterotoxin B (SEB) ; and the type I or II major 
histocompatibility locus. 

10. A pharmaceutical and/or food composition according to any 
one of the foregoing claims, characterized by the fact that it 
includes an immunosuppressor, preferably chosen from among the 
group consisting of azathioprine, steroids, anti- lymphocyte 
globulins, cyclosporin A, rapamycin, KF506 (tacrolimus), or 
lymphokins, their analogs, their agonists, or a mixture thereof. 

11. Use of the pharmaceutical and/or food composition 
according to any one of the foregoing claims for the preparation of 
a medication intended to modify the immune response of a patient to 
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an antigenic structure specific to a pathology related to 
transplant rejection, an allergic reaction, or an autoimmune 
reaction. 

12. Use of the pharmaceutical and/or food composition 
according to any one of claims 1 through 9 for the preparation of 
a medication intended for the desensitization of atopic or non- 
atopic allergies. 

13. Use of the pharmaceutical and/or food composition 
according to any one of claims 1 through 9 for the preparation of 
a medication intended to treat or prevent autoimmune diseases, 
particularly those pathologies chosen from among the group 
consisting of infections related to SLE (Systemic Lupus 
Erythematosus disease) , the Gougerot-Sjogren syndrome (or Sjogren's 
disease) , and rheumatoid arthritis, as well as pathologies such as 
sarcoidosis and osteopenia, spondylarthritis, scleroderma, multiple 
sclerosis, amyotrophic lateral sclerosis, hyperthyroidism, 
Addison's disease, autoimmune hemolytic anemia, Crohn's disease, 
Goodpasture's syndrome, Graves' disease, Hashimoto's thyroiditis, 
idiopathic purpura, insulin-dependent diabetes, myasthenia, 
pemphigus vulgaris, pernicious anemia, poststreptococcal 
glomerulonephritis, psoriasis, and spontaneous sterility. 

14. Use of the pharmaceutical and/or food composition 
according to any one of claims 1 through 10 for the preparation of 
a medication intended to treat or prevent transplant rejection. 
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COMPOSITION' PHARMACEUTIQUE OU ALIMENTAIRE POUR LE 
10 TRAITEMENT DE PATHOLOGIES LIEES A UN RE JET DE GREFFE , UNE 

REACTION ALLERGIQUE OU AUTO - IMMUNE 



Obiet de 1 ' invention 

La present e invention est relative a une 
15 nouvelle composition pharmaceutique ou alimentaire destinee 
au traitement de pathologies liees a un re jet de greffe, 
une reaction allergique ou auto- immune . 

Arriere-plan technolocricrue a la base de 1 ' invention 
2 0 Depuis une douzaine d ' annees , des etudes 

controlees decrivent la desensibilisation reposant sur 
1 ■ administration orale d'allergenes (1). Cette methode se 
fonde sur le fait que 1 • administration orale d'un antigene 
facilite 1 1 acquisition d'une tolerance immunologique a son 
25 egard. La voie digestive const itue le mode de contact de 
I'organisme avec des antigenes, d'origine alimentaire ou 
microbienne. Cependant, les reactions allergiques sont 
rares . L 1 administration per os de globules rouges de mouton 
(GRM) a des rats empeche ceux-ci de produire plus tard des 
30 anticorps ant i -GRM apres une injection sous- cut anee, alors 
que sans prise orale prealable, la reponse allergique eut 
^te presente . Ce phenomene constitue immunologiquement ce 
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que l'on appelle la tolerance orale. 

Cette methode de desensibilisation per os a 
ete validee dans des etudes prospectives et controlees, et 
permet de reduire les risques d ' anaphylaxie , en particulien, 
5 pour le pollen de bouleau et les acariens . Elle est deja 
accessible sur le marche des vaccins par une presentation 
sous forme buvable (vendue par la societe Laboratoire des 
Stallergenes - Paris) . 

Par ailleurs, on peut considerer que le 

10 benefice en terme de protection de 1 ' allergie au lait des 
nourrissons qui est constate depuis 1 ' introduction de 
nouvelles formules de laits en poudre predigeres 
enzymatiquement resulterait de 1' induction de tolerances 
itnmunologiques par la presentation des antigenes sous forme 

15 de peptides . 

Cependant, il est difficile de predire ou 
constater l'efficience de la desensibilisation. 
L 'observation clinique permet, apres coup, de constater ou 
non 1 ' amelioration eventuelle des symp tomes . 

2 0 II est connu par la demande de brevet 

Internationale WO96/36880 de pouvoir detecter et/ou 
quantifier des ligands specif iques d'une pathologie liee a 
une response allergique , auto- immune ou du cancer du poumon , 
par un test de competition entre des ligands presents dans 

25 un 6chantillon avec d'autres ligands discriminables . Ce 
test se base sur le fait que les sujets allergiques et 
symp tomat iques reconnaissent par leurs anticorps des 
epitopes differents de ceux reconnus par les anticorps de 
sujets tolerants sur la meme structure antigenique 

30 specif ique de ladite pathologie. Ce document decrit en 
outre la possibility de mesurer 1 ' evolution de cette 
specif icite, en particulier dans le cas d'enfants 
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allergiques au lait, et 1' evolution vers 1 1 acquisition in 
vivo de la tolerance au lait ♦ 

Buts de 1 ' invention — 

5 La presente invention a pour but de fournir 

> 

une nouvelle composition qui peut etre de type 
pharmaceutique ou alimentaire visant a modifier la reponse 
immunitaire de patients vis-a-vis d'une pathologie liee a 
une reaction allergique, auto- immune ou vis-a-vis de 

10 phenomenes de rejet de greffe, de maniere a ce que la 
reponse immunitaire desdits patients se rapproche de la 
tolerance naturelle manifestee par des sujets normaux (qui 
demeurent asymptomatiques bien que susceptibles d'etre 
exposes aussi a cette pathologie) . 

15 La presente invention vise egalement a 

fournir une composition pharmaceutique ou alimentaire de 
faible cout, dont 1 1 administration soit aisee et qui puisse 
etre utilisee de maniere prophylactique et/ou 
therapeutique . 

20 

Elements caracteristiques de 1 ' invention 

La presente invention concerne une 
composition pharmaceutique ou alimentaire comprenant un 
v€hicule pharmaceutique ou alimentaire adequat , une 

25 proteine de stress (denommee egalement "heat shock protein" 
ou HSP) et au moins un des Epitopes (conformationnel ou 
sequentiel) d'une structure antigenique, ladite structure 
antigenique induisant un rejet de greffe, une reaction 
allergique ou une reaction auto- immune . De preference, le 

3 0 vehicule pharmaceutique ou alimentaire de la composition 
est adequat pour une administration par voie mucosale 
(notamment par voie orale) ou cutanee . 



MAR 31 2000 13:19 



PAGE. 06 



t 



WO 98/39029 



PCT/BE98/00030 



4 

Avantageusement , la proteine de stress et 
1' epitope forment nn complexe de maniere naturelle (c'est- 
a-dire sans formation de lien covalent) comme decrit par 
Roamn et al., Febs (1994), Fouri et al., The Journal of_ 
5 Biological Chemistry, Volume 269 n° 48, pp. 30470-30478 
(1994), Palleros et al.. The Journal of Biological 
Chemistry, Volume 269 n° 48, pp. 13107-13114 (1994), 
Grageroov et Gottesman, Journal of Molecular Biology, 
n° 241, pp. 133-135 (1994), et Schmid et al . , Science, 
10 Volume 260, p. 1991 (1994) incorpores ci-dessous par 
reference . 

Selon 1 1 invention, 1 ' epitope (denomme 
egalement determinant antigenique) est obtenu par une 
hydrolyse de preference enzymatique, notamment a la 

15 pepsine, de ladite structure antigenique . 

De maniere avantageuse, la proteine de stress 
est une proteine bacterienne de stress, par exemple 
presente dans les bacteries saprophytes telles que E. coli . 

Parmi les proteines de stress de la presente 

20 invention, on peut mentionner la proteine de stress GroEL, 
les proteines de stress GrpE, DnaK ou DnaJ telles que 
notamment decrites par Hendrick et Hartl (Annual Review of 
Biochemistry, n° 62, p. - 349 (1993)) ou les heat shock 
proteins HSP 60, 70, ... 

25 On entend par "phenoraene de rejet de greffe, 

reaction allergique ou auto - immune ,! , les reactions 
d'hypersensibilite de type immediat ou differe provoquees 
pour le contact notamment avec un allergene (cette reaction 
peut etre immediate et specif ique (anaphylaxie , urticaire, 

30 etc.) ou diff^ree dans le temps) ou les maladies auto- 
immunes et les desordres du systeme immunitaire de type 
immediat ou differe lies aux re jets de greffes de type note 
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contre greffe et greffe contre hSte. 

Li } auto - immunite est un - etat d 1 immunisation 
d'un sujet contre ses propres constituents et le phenomena 
de re jet de greffe est un etat d 1 immunisation d'un sujet, 
S contre des constituants etrangers (fluides corporels tels 
que .sang, liquide cephalo-rachidien, . - . , cellules, tissus, 
organes, anticorps, ,..) implantes de maniere volontaire 
chez le patient. Ces phenomenes sont en particulier 
observes dans les pathologies choisies parmi le groupe 

10 const itue par les infections liees au SLE (Systemic Lupus 
Erythematosus disease) , le syndrome Gougerot -Sjogren (ou 
pathologie Sjogren) , la polyarthrite rhumatolde, ainsi que 
les pathologies du type sarcoidosis et osteopenia, la 
spondylarthrite, la scleroderma, la sclerose en plaques 

15 (multiple sclerosis) , la sclerose amyotrophique laterale, 
1 1 hyperthyroidisme, la maladie d'Addison, 1 1 anemie 
hemolytique auto -immune, la maladie de Crohn, le syndrome 
de Goddpasture , la maladie de Graves , la thyroidite 
d 1 Hashimoto, I'hemorragie purpurale idiopathique , les 

20 diabetes insulino-dependants , la myasthenie, le pemphigus 
vulgaris, 1 1 anemie pernicieuse, le glomerulonephritis 
poststreptococcal, le psoriasis et la sterilite spontanee, 
ainsi que les phenomenes immediats ou differes observes 
lors de re jets de greffe* 

25 On entend par " structure antigenique 

induisant un re jet de greffe, une reaction allergique ou 
auto-immune" , des allergenes , de preference choisis parmi 
le groupe const itue par les antigenes majeurs allergiques 
presents dans les aliments tels que les oeufs, le soja, le 

30 lait, en particulier la beta-lactoglobuline bovine (BLG) , 
issue du lait de vache, les antigenes majeurs allergiques 
presents dans les vegetaux, les moisissures, les 
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medicaments (en particulier les antibiotiques) , les 
pollens, les antigenes majeurs allergiques presents dans 
les animaixx, en particulier dans les poils, le venin, en 
particulier le venin de guepe, les antigenes majeurs de la- 
5 reaction allergique aux acariens , a la mite present e dans 
la poussiere de maison (ant i gene PI Dermatopbagoldes 
pteronyssinus) , l'antigdne ma j eur de 1 'Aspergillus 
fumagatus, et 1 ' enterotoxine B staphylococcale (SEB) . 

D 1 autres exemples non limitatifs d'allergenes 

10 ou melanges d'allergenes ont egalement ete decrits dans la 
publication ISBN-91-970475-5-4 de Pharmacia AB incorporee 
ici par reference. 

La "structure antigenique" peut egalement 
etre un complexe antigenique induisant une maladie auto- 

15 immune. De preference, cette structure antigenique est 
specifique du lupus (SLE) ou de la pathologie de Sjogren, 
en particulier la membrane plasmatique ou une portion de 
cette membrane contenant du DNA membranaire ayant un poids 
super ieur a 100 KD, tel que notamment decrit dans la 

2 0 demande de brevet W096/13723 dont le numero de publication 
est incorporl par reference . 

D 1 autres exemples non limitatifs de complexes 
antigeniques induisant des maladies auto- immune s ont 
egalement ete decrits par Roitt I. M. (Essential 

2 5 Immunology, Blackwell Scientific Publication (ch. 14) ISBN 

0-632-01994-8) et par Humbel R. L . {Auto -anti corps et 
maladies auto-immunes, Ed. Scientif iques Elsevier (1994) 
ISBN 2-906077-58-5) . 

Cette structure antigenique peut Egalement 

3 0 etre un locus majeur d 1 histocompatibility (MHC I et/ou MHC 

II) ou une portion de celui-ci specifique d'un individu et 
intervenant dans les phenomenes de rejet de greffes (y 
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cotnpris les transfusions de fluides corporels) . 

Le vehicule pharmaceutique ou alimentaire 
adequat selon la presente invention peut etre n 1 importe 
quel additif ou support, tel qu'une substance compatible— 
5 non toxique pour 1 ' administration de la composition selon 
1' invention a un patient. Le type de vehicule 
pharmaceutique ou alimentaire adequat utilise dependra du 
mode d 1 administration choisi. En particulier, pour 
1 1 administration orale, ceux-ci peuvent consister en des 

10 solutions aqueuses, des sirops, des tablettes, des 
capsules, etc. D'autres vehicules pharmaceutique s tels que 
des cremes ou des onguents peuvent etre choisis en fonction 
du type d 1 administration, en particulier pour des 
administrations cutanees - 

15 L'homme du metier peut 6galement adapter le 

vehicule pharmaceutique en fonction d'une administration 
subcutanee, intradermale, intraveineuse , intramusculaire , 
parenterale , par voie d 1 inhalation nasale ou buccale, etc. 

Le pourcentage de compose act if present dans 

2 0 la composition selon 1' invention dependra du type de 
patient et de pathologie traite et de la voie 
d' administration. Les doses seront uniquement limitees par 
la tolerance du produit par le patient, ainsi que par les 
frequences d 1 administration - 

25 Les concentrations d 1 administration seront en 

particulier choisies de maniere a ce que les signes et 
symptomes des pathologies susmentionnees soient reduits, de 
preference supprimes, par les doses d 1 administration 
prevues par la posologie. 

30 De maniere inattendue, les Inventeurs ont 

decouvert que 1 •utilisation de la composition 
pharmaceutique et/ou alimentaire selon 1 ' invention permet 
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de modifier la reponse immunitaire d'un patient induite par 
ladite structure antigenique. La modification de la reponse 
immunitaire d'un patient peut notamment etre detectee et 
quantifiee selon le procede et la technique decrits dans la- 
5 demande de brevet WO96/36880 ou par toute methode d 1 analyse 
clinique du patient traite (y compris de maniere 
prophylactique) bien connue de l'homme du metier. 

Un autre aspect de la presente invention 
concerne 1 ' utilisation de la composition selon 1 ' invention 

10 pour la preparation d'un medicament destine a modifier la 
reponse immunitaire d 1 un patient vis-a-vis d 1 une structure 
antigenique induisant un re jet de greffe, une reaction 
allergique ou auto-immune. En particulier, la presente 
invention concerne 1 utilisation de la composition 

15 pharmaceutique et/ou alimentaire selon 1 1 invention pour la 
preparation d'un medicament destine a la desensibilisation 
d* allergies atopiques ou non atopiques . 

Un autre aspect de la presente invention 
concerne 1 ' utilisation de la composition pharmaceutique 

20 et/ou alimentaire selon 1' invention pour la preparation 
d'un medicament destine a la prevention ou au traitement 
des reactions allergiques , des maladies auto- immunes 
susmentionnees , au traitement ou a la prevention de re jets 
de greffe, e ventue llement en combinaison avec un produit 

25 specifique pour diminuer ou neutraliser les reactions 
allergiques, les reactions auto - immunes et les phenomenes 
de rejet de greffe (en particulier 1 1 administration 
d ■ iramunosuppresseurs tels que 1 1 azathioprine , les 
steroides, les globulines anti-lymphocitaires , la 

3 0 cyclosporine A, la rapamycine, le KF-506 (tacrolimus) ou 
des lymphokines (en particulier l'IL-10), leurs analogues 
et leurs agonistes bien connus de l'homme du metier. 
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On entend par "analogues et agonistes" de ces 
molecules, d'autres molecules, ou des derives de ces 
molecules, agissant sur le raeme recepteur ou via le meme 
mecanisme d' action que les produits specif iques- 
5 susmentionnes . 

La presente invention concerne egalement un 
pro cede de traitement therapeutique ou prophylactique d'un 
patient comprenant l'etape d 1 administration de la 
composition selon 1 ' invention audit patient de maniere a 

10 modifier la reponse immunitaire du patient vis-a-vis d'une 
structure antigenique induisant un re jet de greffe, une 
reaction allergique ou auto-immune . 

La presente invention sera decrite de maniere 
plus detaillee en reference aux figures decrites dans les 

15 exemples d 1 execution ci-dessous. 

Exemples 

A. Base du moddle considere 

3l) Utilisation de la voie orale 

20 L 1 administration orale permet une induction 

de tolerances immunologiques , et est appliquee de fac^on de 
plus en plus 6tendue dans le domaine de la 
desensibilisation ant i- allergique . Elle demande cependant 
1 # usage de quantites plus importantes d'antigenes que par 

25 voie parenterale, et doit s'etendre sur des periodes d'au 
moins plusieurs annees (2, 3). L ' optimalisat ion du regime 
des doses administree et de leur periodicite est adaptable 
par l'homme du metier de maniere a eviter les reactions 
syndromiques (replication de la symptomatologie allergique 

3 0 en cas de surdosage) , qui sont fr£quentes raais non 
dange reuses en raison de la progressivite lente de 
1 ' augmentation des doses administrees (2). 
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h) Utilisation de complexes pep tides -protein eg de stress 

Les protSines de stress (heat shock proteins 
(HSP) > constituent une serie de families de proteines, tres 
bien conservees durant 1' evolution depuis les bacteries- 
5 jusqu'a l'homme, et qui ont la capacite de se lier aux 
peptides ou aux proteines dont la structure 
conf ormationnelle est alteree ou en voie de conformation 
definitive (4) . 

Elles ont plusieurs roles dont la 

10 participation au transport intracellulaire menant a 
1' assemblage polypept idique pour la synthese de certaines 
proteines ou leur elimination. Certaines sont exprimees a 
la surface de differentes cellules et peuvent contribuer a 
la presentation antigenique, en particulier a des 

15 lymphocytes T aux recepteurs pour ant i gene de type gamma- 
delta, qui colonisent les muqueuses et les organes 
lymphoides associes a la muqueuse digestive. 

La presentation antigenique par 

1' intermediaire des HSP de la f ami lie HSP70, aux 

20 lymphocytes T gamma-delta (y , 5) permet de se passer de la 
presentation dependante du complexe majeur 

d' histocompatibility de type II. 

L' inj ection ' parent 6rale a des animaux 
d' experience de complexes HSP-peptides permet d'obtenir un 

25 effet adjuvant remarquable (5 P 6) determinant ou amplifiant 
le pouvoir antigenique de ces peptides. 

Certaines HSP de bact^ries des families HSP 60 
et HSP70 sont la cible de reponses immunes qui ont un role 
protecteur a l'egard de 1' infection par ces germes . 

30 II a ete propose recemment de desensibiliser 

par voie orale en donnant des extraits peptidiques 
d'E. Coli contenant de la HSP60, a des patients atteint 
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d'arthrite rhumatolde , avec un certain effet benefique (5, 
6). Considerant le peu d' effet secondaire, les auteurs 
proposent de tenter 1'essai sur d' autres affections 
inf laramatoires pour manipuler une reponae dirigee contre 
5 1'une de ces HSP microbiennes elle-meme, consideree comme 
substitut d'un auto - ant igene . 

De maniere inattendue, les Invent eurs ont 
decouvert que les proteines de stress constituaient un 
vecteur remarquable pour presenter des peptides au systemes 

10 lymphoide du tube digestif et induire une tolerance . Les 
proteines de stress des bacteries saprophytes semblent etre 
les plus abondant e s naturel lement dans la lumiere 
digestive. II est probable aussi que les peptides issus de 
la digestion alimentaire constituent la masse la plus 

15 abondante des fragments antigeniques disponibles a la 
formation de complexes HSP-peptides . Cependant, 1'abondance 
des peptides generes , et la quantite presumee limitee des 
HSP bacteriennes rend aleatoire la formation d'une quantite 
imraunologiquement efficiente de ces complexes HSP-peptides 

20 antigeniques, et ceci d'autant que la quantite absorbee 
d'antigene a visee desensibilisante est tres faible 
(quelques dizaines de fig) , en regard de la charge proteique 
alimentaire . 

Les Inventeurs ont propose de favoriser la 
25 formation de ces complexes avant l'arrivee dans le tube 
digestif, c'est a dire in vitro, en utilisant des proteines 
de stress de E. Coli purifiees et des peptides issus de la 
digestion pepsinique de la BLG. 
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c) Utilisation de tests de comipetition entre an tri corps 
sericrues et moiioc.Io.naux pour la JBLG 

Les deux ant i corps monoclonaux denommes 
ci-apres MS et M7 reconnaissent chacun un epitope- 
5 conf ormationnel different sur la molecule de BLG. On 
utilise leurs proprietes qualitatives differentes comme 
marqueur de reconnaissance d' epitopes singuliers dans une 
competition avec 1' ensemble des anticorps seriques d'un 
sujet. II ressort d' etudes cliniques que les sujets 

10 symptomatiques et les sujets asymptomatiques reconnaissent 
sur cette molecule des epitopes qui pour une part au mo ins , 
sont differents (7), ce que 1 ' on denomme ci-dessous les 
prof ils epitopiques , 

Ij' epitope reconnu par M6 est particulierement 

15 bien reconnu par les sujets allergiques et symptomatiques. 
La fixation de 1' anticorps M6 sur la BLG intacte est en 
effet mieux inhibee par les serums d'enfants allergiques au 
lait que ceux de sujets non allergiques, qu' il s'agisse 
d'enfants ou d'adultes en bonne sante (donneurs de sang). 

2 0 L' epitope reconnu par M7 est mieux reconnu 

par les sujets asymptomatiques que par les sujet 
allergiques. La fixation de 1' anticorps M7 sur la BLG est 
mieux inhibee par les sujets asymptomatiques que par les 
sujets allergiques. 

25 On utilise la competition de liaison 

antigenique contre M6 comme indice de specificite 
representant du profil d' epitopes reconnu par les sujets 
allergiques, et complement airement la competition contre M7 
comme indice de specificite representant du profil 

30 d' epitopes reconnu par les sujets asymptomatiques . 

La validation de cette interpretation a ete 
confirmee longitudinalement par des etudes cliniques. 
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L # acquisition d'un etat de tolerance au lait s'accompagne 
d'une conversion de la specif icite fine des anticorps 
seriques , vers le prof il typique des suj ets 
asymptomatiques . 
5 C'est cette discrimination d' epitopes 

exprimee a 1' echelon des anticorps circulants C[ui sert ici 
d'outil d' analyse pour 1' influence de la modulation 
antigenique orale * 

10 B. Modele experimental 

Des souris syngeniques ont recu, dans leur 
eau de boisson, de tres faibles quantites de peptides issus 
de la digestion pepsinique de beta-lactoglobuline (BLG) 
prealablement couples ou non avec des proteines de stress 

15 purifiees et dont la capacite f onctionnelle etait intacte 
(capacite de se lier a des peptides ou des proteines 
alterees) . 

a) Oricrine animal e et conditions d'elevagre 
20 4 0 individus de 8 a 16 semaines ont ete 

preleves dans un elevage de souris Balbc soumises depuis 
plusieurs generations a une alimentation pauvre en lait de 
vache ; 30 /xg de beta-lactoglobuline / gramme de granules 
nutritif s . 

25 

h) Preparation des complexes anticrSnicrues 

La BLG a ete diger£e au contact de pepsine 
couplee a de 1' agarose (Sigma) dans des conditions de 
digestion incomplete, puis filtree sur filtre de 10000 
30 Daltons . La concentration du produit de digestion (pB) a 
ete mesuree par spectrophotometrie (rendement de 3 0 a 50% 
de la proteine intacte) . 
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Des solutions en tampon phosphate (PBS) de 
1 /xg/ml ont ete incubees avec des solutions de 1 /xg/ml des 
proteines de stress des E. Coli suivantes : DnaK, DnaJ ( 
GroEL, GrpE (Stressgen) pendant une heure au mo ins a_ 
5 temperature ordinaire. Des aliquots de 1 ml de chaque 
combinaison ont ete congeles. 

c) Grou&es de traltement et TDasolocrie des complexes par 
voie orale 

10 Une solution de complexes (1 ml) a ete 

ajout^e, apres degel, au biberon d'eau de 100 ml 
quo t idiennement distribue pour chaque cage de quatre 
souris . Chaque type de complexe est administre a 8 souris . 
Un groupe controle recoit de l'antigene pB non complexe. 

15 La solution a ete ajoutee 3 fois par semaine 

durant deux semaines (soit six fois) , a partir du temps 
zero . 



d) RSvonsG ajitri corps 

2 0 Un pre levement individuel de s ang a ete 

realise dans le plexus r6tro-orbitaire au temps zero et 
apres 4 semaines. Les animaux sont anesthesies a 1' ether 
puis ex sanguines , au bout de 8 semaines. 

La specificite des anticorps seriques a ete 

25 examinee par un test de competition de type EL ISA. 

e) Test de gpeci.fi cite d' ant±co2rps par competition 

Des plaques multipuits en polystyrene sont 
passivement recouvertes, par absorption a temperature 
30 ordinaire, d'une faible quantite de BLG (0,3 /xg/ml en 
tampon bicarbonate) , puis saturees par de la gelatine (1%, 
poids/vol - Haemacel (R) ) . 
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Le serum de souris est dilue au 1/100 en 
tampon de dilution (PBSdil) constitue de : PBS-EDTA {10 mM) 
- Tween 20 (0,05%) - gelatine (Haemacel-1%) . 

Deux anticorpe monoclonaux de souris produits 
5 ont ete selectionnes pour leur specif icite a l'egard 
d' epitopes conf ormationnels de la BLG . lis ont ete biotines 
et sont utilises a leur dilution limite de fixation 
antigenique definie de la facpon suivante : celle qui permet 
un signal maximal ma is sensible a toute reduction de la 

10 charge en antigene, a sa propre dilution, et inhibable par 
la competition avec un pool de serums de souris non 
traitSes . Celles-ci produisent en effet des anticorps 
naturels contre la BLG, en relation avec 1' exposition 
antigenique alimentaire, me me minime . 

15 100 /xl de serum dilue et d'anticorps biotine 

sont melanges dans un puits, en double exemplaire. 

Apres une incubation d'une nuit a temperature 
ordinaire, la fixation de 1 ' ant i corps monoclonal est 
mesuree par la retention proportionnelle de biotine revelee 

20 par captation de streptavidine couplee a de la peroxydase 
de raifort. Celle-ci colore un substrat d' orthophony lene 
diamine • La densite optique (D.O.) est mesuree par 
spectrophotometrie. Le bruit de fond (b.f) est mesure dans 
des puits sans antigene . La fixation maximale est definie 

25 soit en 1 7 absence de competition (anticorps monoclonal 
seul) , soit en presence de serum particulierement peu 
inhibiteur . 

Les resultats sont exprimes en pourcentage de 
1' inhibition de fixation de 1' anticorps monoclonal par : 
30 % inhib= lOOx (D.O. du test - D.O. b.f.) / (D.O. maximale - 
D.O. b.f.) 
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La correspondance entre profil d' epitopes 
recormus sur l'antigene et l'etat clinique du sujet 
(tolerance ou pas) est confirmee par d'autres exemples : 
- modele d'allergie aux acariens : - 
5 1' evolution de la specif icite fine des anticorps anti- 

acariens chez des enfants allergiques montre 1' existence 
d'un profil d' epitopes sous l'effet de la 
desensibilisation induite tant par voie parent erale 
qu'orale , 
10 - Involution des anticorps 

cr) Pesultats 

La figure 1 resume les donnees de 



15 



1 ' experimentation : 



Inhibition de 1 * ant i corps M6 

Sur la partie gauche, sont representees les 
evolutions des moyennes d' inhibition ( + ecart type) de la 
fixation de 1' anticorps monoclonal M6 par les serums 
20 individuels, pour les differents groupes de traitement. 

Les donnees chiffrees sont reprises dans le 

tableau 1 . 

Le groupe controle recevant les peptides 
dig£r€s k la pepsine (pB) voit sa capacite moyenne 
25 d' inhibition augmenter de 45 a 60% et 59% apres 4 et 8 
semaines. Cette variation est significative (p<0.05 - test 
T paire) par rapport au depart, mais stable apres 4 
semaines . 

Pour le groupe recevant les complexes de 
3 0 DnaK-pB, cette capacite passe de 48 a 56% puis 77% sur la 
meme periode, cette derniere etant plus importante que dans 
le groupe controle (p<0.01 - test T non paire) et tres 
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significative par rapport au temps zero (p<0.001 - T 
paire) - 

De meme, les groupes recevant les complexes 
DnaJ-pB, GroEL-pB et GrpE-pB montrent une elevation tres~ 
5 significative apr£s 4 semaines et qui s'accentue encore a 
la huitieme semaine (situee bien au dessus de la valeur du 
groupe control e pour les complexes GroEL-pB et GrpE-pB au 
moment correspondant ) . 

10 TnhiJbition de 1 / antlcoiriDS M7 

Sur la partie droite de la figure 1, sont 
representees les evolutions des moyennes d' inhibition ( + 
ecart type) de la fixation de I'anticorps monoclonal M7 , 
par les serums individuels, pour les differents groupes 

15 traites , 

Les donnees chiffrees sont reprises dans le 

tableau 2 . 

Le groupe controle recevant les peptides de 
BLG digeres par pepsine (pB) ont une capacite moyenne 
20 d' inhibition qui diminue de 70 a 52% et 57% en 4 et 8 
semaines. Cette variation est significative (p<0.01 - test 
T paire), quoique stable apres 4 semaines. 

Pour le groupe recevant les complexes DnaK- 
pB, cette capacite se reduit deja signif icativement a la 
25 quatrieme semaine, en passant de 68 a 51%, comme dans le 
groupe controle . 

Mais le resultat s'effondre a 17% a la 
huitieme semaine (p<0,001 - T paire), ce qui est nettement 
inferieur a celui du groupe controle pour le prelevement 
3 0 correspondant (p<0.01 - test T non paire) . 

L' evolution est parallele a celle-ci pour le 
groupe traite avec les complexes de DnaJ-pB . 
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Pour le groupe recevant des complexes de 
GroEL-pB, la reduction du pouvoir inhibiteur est d'emblee 
maximale, atteignant les 28% des la quatrieme semaine, et 
demeure au meme niveau, de 3 0% a la huitieme semaine. ~ 
5 Dans le groupe recevant des complexes GrpE- 

pB f la reduction du pouvoir inhibiteur est aussi d'emblee 
maximale, passant de 72 a 22% des la quatrieme semaine, 
mais semble s'amenuiser ensuite en revenant a un taux moyen 
de 41%. 

10 

h) Conclusion 

L' administration de peptides issus de la 
digestion enzymatique d'un antigene majeur du lait, en 
1' occurrence la beta- lactoglobuline , sous la forme de 

15 complexes lies a des proteines de stress selon l 1 invention, 
et par la voie orale, entraine une modification radicale et 
tres rapide du profil des epitopes reconnus par les 
anticorps circulants. Ces anticorps sont presents 
naturellement chez tous les sujets exposes a 1' antigene par 

2 0 leur alimentation. Dans un modele de sour is, exposees 
chroniquement a une quantite faible de 1' antigene par cette 
voie, la dose d' antigene administree durant un bref laps de 
temps est tres faible, loin en dessous de la quantite 
ingeree naturellement (estimation 0,25 fig par sujet et par 

25 jour de traitement sous forme de complexes et 150 /ig par 
sujet et par jour dans 1 ' alimentation courante) . 

La rapidite du changement est d'autant plus 
remarquable que la demi-vie des anticorps seriques , 
principalement des IgG est de 3 semaines, ce qui signifie 

30 qu'a la huitieme semaine, il devrait encore subsister le 
quart des anticorps presents a la fin du traitement de 
seulement 2 semaines. Toutes les proteines de stress 
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utilisees ont ete efficaces. Dans une deuxieme experience 
avec des complexes DnaK-pB, vine tentative de determiner une 
dose limite inferieure n'a pas about i malgre 1' usage de 
doses jusqu'a 10 fois inferieures (0,1 /zg / biberon de 
5 100 ml / 3 jours par semaine) . 

C. Tolerance induite oralement a 1 ' egard d'antigenes 
d 1 histocompatibility majeurs 

1 . Model e experimen tal 

10 Des animaux syngeniques (souris Balbc) 

recoivent une preparation proteique dissoute dans leur eau 
de boisson. Elle contient des fragments d'antigenes 
d' histocompatibility de souris syngeniques d'une autre 
souche, dont elles rejetteraient toute greffe (souris C3H) . 

15 L'effet tolerogene est attendu de maniere 

renforcee lorsque ces fragments sont associes a une 
proteine de stress de bacterie (ici Dnak de E. Coli) . 

A titre de controle, un groupe de souris 
recevra de la meme maniere un complexe de Dnak avec des 

2 0 fragments peptidiques, obtenus de f aeon analogue, a partir 

de la beta-lactoglobuline (antigene ma j eur du lait) . 

On devrait s'attendre a ce que la 
sensibilisation orale doit attenuer de facon specifique la 
reactivite lymphocytaire a 1' egard d'une souche de 
25 lymphocytes etrangers du meme type que ceux utilises pour 
la preparation orale et non vis-a-vis d'une troisieme 
souche non apparentee . 

2 . Materiel et methode 

3 0 a) animaux ; 

3 groupes de 12 souris sont prelevees dans un elevage de 
souris syngeniques de souche Balbc sont elevees par cages 
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de S animaux. Chaque groupe re^oit pendant 2 semaines une 
des preparations suivantes dans le biberon d'eau de boisson 
a raison de 3 distributions par semaine (un jour sur deux 
et pas le week-end) et une dose de 1 fig de complexe pour' 
5 100 ml d'eau : 

- un complexe de Dnak-peptides de beta- lactoglobuline 
(preparation controle) 

- une solution de peptides de membrane lymphocytaire 
splenique de souris C3H digeree a la pepsine (contenant 

10 des fragment d'antigenes d' histocompatibility) 

- un complexe de ces peptides associe au Dnak purifie de E. 
Coli (Stressgen) 

b) test de tolerance acquise (in vitro) 
15 Ce test est base sur une culture lymphocytaire mixte 
unidirectionnelle . 

Les cellules repondeuses sont isolees a 
partir de la rate des animaux a tester. Les cellules 
lympho - mono cyt aires sont obtenues apres cent rifugat ion sur 

2 0 gradient de densite avec un melange de f icoll- isopaque 

(Pharmacia). Elles sont resuspendues a 1 1 aide de 4 millions 
de cellules/ml en milieu de culture RPMI 1640 tamponne a 
l'Hepes et au bicarbonate, supplements de 

2-mercaptoethanol , glutamine, geomycine, et 10% de serum de 
25 veau. 

Les cellules stimulantes sont obtenues de la 
meme maniere de souris de souches differentes au niveau de 
leur MHC ; la souche C3H et une souche domestique (DOM) . 

Elles sont incubees pendant une heure en 

3 0 presence de mitomycine afin de bloquer leur potent iel de 

multiplication- Elles sont ensuite resuspendues dans les 
memes conditions que les cellules repondeuses. 
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Culture lvmphocvtaire : 

Un volume egal de suspension (0,1 ml) de 
cellules repondeuses et de cellules stimulantes sont 
m£lang6s, en 3 exemplaires , dans des puits a fond rond de 
5 plaques multipuits de culture en polystyrene pour etre 
ensuite incubees durant 5 jours dans un incubateur a 

air/C0 2 (95/5%; vol/vol) , humidifie, a 37,5 °C. 

Chaque puits de microculture recevra 2 fxc de 
thymidine tritiee a 2 C/mM (Amersham) 16 heures avant 
10 1' arret de la culture qui se realise a 1'aide d'un appareil 
MASH II qui filtre chaque microculture sur une membrane de 
fibres de verre qui retient les noyaux cellulaires. 

La radioactivite nucleaire de chaque culot, 
qui reflete 1 ' incorporation de novo de thymidine dans de 
15 l'ADN, est mesuree par comptage en scintillation liquide 
(Packard Tricarb) . 

Les resultats sont exprimes en Coups Par 
Minute et rep resent ent la moyenne de 3 echantillons de la 
meme culture a 1' echelon individuel. 

20 

c) planif ication experimentale 

Les pr^levements ont lieu a 2 moments differents : 
- durant la 3 erne semaine qui suit le debut de 
1' administration orale d'une des preparations, 
25 - durant la 7eme semaine. 

Les animaux sont sacrifies en 3 fois par periode . 

Chaque experience de culture comporte 2 animaux par groupe 

traite . 

La culture lymphocytaire mixte est r6alisee parallelement : 
30 a) vis-a-vis de cellules mitomycinees d'origine C3H 
b) vis-a-vis de cellules mitomycinees d'origine DOM 
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d) preparation des peptides 

Des lymphocytes (20 millions) d'une souche de 
souris appropri^e, sont isoles a partir de la rate. II 
s'agit d'un melange de lymphocyte T et B en quantites 
5 approximat i vement egales et done porteurs des antigenes de 
type I et II. lis sont traites par ultrasons (3 x 10 sec) 
puis centrifuges a 1000 g pendant 10 minutes. Le surnageant 
est collecte et recentrifuge de la meme faqon. Ensuite, le 
surnageant est centrifuge a 2 reprises a 8000 g. Le dernier 

10 surnageant est enrichi en membranes cellulaires et 
debarrasse de debris de noyau cellulaire et d'appareil de 
Golgi. II est soumis ensuite a une digestion par pepsine 
couplee a des billes d' agarose, a pH 2 en tampon glycine, 
pendant 1 heure 30 et a 37°C. Apres centrif ugation douce 

15 pour separer les billes d' agarose, et neutralisation a pH 7 
par tampon TRIS # le melange est filtre sur filtre 
(Millipore limite 10 kD) . Le rendement est de 1'ordre 
500 pig de peptide (determination par spectrophotometrie) 
denomme LMp . 

20 Une solution de 50 /ig de peptide est melangee 

a une solution de SOjzg de Dnak (Stressgen) pour former un 

complexe Dnak - LMp . 

Le complexe Dnak avec peptide de beta- 

lactoglobuline (Bp) est constitue de la meme maniere en 
25 utilisant des peptides issus de la digestion pepsinique de 

beta -lactoglobuline purifiee (cf. supra). 

3. RSsultats 

Au bout de 3 semaines de traitement (figure 2) 
3 0 Le groupe de souris ayant recpu le complexe 

Dnak-LMp repond le moins bien a la stimulation de cellules 
C3H mitomycinees (C3Hm) . 
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Ceci est different (p<0.02; T-test) du groupe 
qui a re?u le peptide LMp seul, et egalement celui qui a 
regu le complexe temoin Dnak-Bp (p<0.0l; T-test). 

II faut cependant noter que 1 ' administration- 
5 du peptide seul (sans Dnak) a egalement un effet, puisque 
ce groupe est signif icativement moins repondeur que le 
groupe temoin (p<0.01; T-test). 

Toutefois, la specif icite de 1' inhibition de 
reponse est garantie par le fait que la reactivite 
10 lymphocytaire des trois groupes est equivalantes a 1 ' egard 
de cellules mitomycinees d'une troisieme souche, non 
apparent ee (DOMm) . 

Au bout de 7 semaines (figure 3 ) , soit 4 semaines apres 
15 1 f arret de 1 ' administration orale 

Les difference entre les 3 groupes restent 
bien marquees . Le groupe traite au Dnak-LMp est le plus 
inhibe tant a 1' egard de celui qui a recu le peptide 
membranaire seulement (p<0.02; T-test) que le groupe temoin 
20 (p<0.01; T-test). 

Ii' administration du peptide seul permet 
encore une attenuation de reponse vis-a-vis du groupe 
temoin (p<0.0l; T-test). 

La specificite de la reponse est encore une 
25 fois verifiee par le test parallele vis-a-vis des cellules 
mitomycinees d'une souche non apparent ee (DOMm) et ou les 3 
groupes traites differemment reagissent de la meme facon. 

L' administration de peptides obtenus par 
3 0 digestion pepsiniques de lymphocytes spleniques de souches 
de souris caracterisees par une incompatibilite dans le 
systeme H-2 tant aux niveaux K et D que A-E en quant it es 



MAR 31 2000 13: 4? 



PAGE. 26 



WO 93/39029 



PCT/BE98/00030 



24 

extremetnent faibles et pendant deux semaines, a pour effet 
d'attenuer fortement la reponse inconditionnelle de 
lymphocytes iramuno-competents, in vitro, qui signe 
d' habitude cette incompatibility . 
5 Cette attenuation est renforcee par la 

presentation de ce type de peptide sous la forme de 
c ompl exe s pep t i de s - Dnalc . 

Cette attenuation est specif ique et n'atteint 
en rien la capacite de reponse a 1 ' egard d'une vari£tS 
10 differente, sans relation avec la souche utilisee pour la 
tolerisation . 



D. Tolerance des souris svnaeniaues a l'eaard d'une areffe 

de cellules flllpq£niqueg 
15 1. Modele et schema experimental 
Souches de swris ; 

— Balbc pour les animaux rendus tolerants 

— C3H pour les animaux donneurs de cellules a greffer 
(allog£niques) et de cellules stimulantes en culture 

20 lymphocytaire mixte (MLC) 

El les sont elevees en cages de 6 animaux. 
Chaque groupe est constitue de 12 animaux par traitement. 

Le traitement oral est effectue selon le 
protocole precedent . 

25 

Schema .experimental l 

Complexes administres dans 1 1 eau de boisson : 

j ours 0 , 2 , 4 , 7 # 9 

Greffe allog£nique : 20xl0 6 cellules spleniques de C3H en 
3 0 intra -peritoneal : 

jour 16 
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Sacrifice, collecte de rates et mise en culture des 
cellules spleniques : 

15 semaines apres la greffe 

5 Detection et numeration des cellules allocrenicrues 

a) Par la presence de cellules tporteuses de MHC type II 
Test fonctionnel en culture mixte syngenique 
bidirectionnelle 

Les cellules spleniques de souris traitees et 
10 greffees sont mises en culture avec des cellules de souris 
syngeniques (Balbc) non traitees (naives) . 

Normaleraent, il n'y a aucune reponse 
proliferative a attendre si le contenu des cellules 
spleniques d'animaux traites et greffes est uniquement 
15 compose de cellules syngeniques . 

Par contre, la presence de cellules 
allogeniques , signalant la prise de greffe in vivo, devrait 
entrainer une proliferation de type MLC par les cellules 
dites naives, non tolerantes , d'autant plus importante que 
2 0 le nombre de cellules etrangeres est eleve . 

Pour evaluer 1 1 ordre de grandeur de la prise 
de greffe, une tentative de quantification relative de la 
reponse est effectuee par reference a une courbe 
dose/reponse obtenue en ajoutant des quantites connues et 
25 croissantes de cellules allogeniques C3H a une quantite 

identique de cellules naives et repondeuses (20 0x10 3 
cellules/puits) . 



b) Par la presence de cellules porteuses de MHC type J 
30 Numeration directe par immunofluorescence en 

cytof luorometrie de flux en utilisant un anticorps 
monoclonal de souris specifique du MHC type I de la souris 
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C3H : H-2 kk (Serotec) , couple a la fluoresceine ou a la 
phycoerythrine sur une suspension de cellules splenigues . 

2 . Resultats 

5 Comme presente dans la figure 4, 15 semaines 

apres la greffe peritoneale , les cellules spleniques du 
groupe traite par complexes DnaK-peptides de membranes 
lymphomonocyt aires de souris C3H sont incapables de 
repondre a la stimulation par cellules C3H mitomycinees . 

10 Ceci temoigne de 1 1 induction d'une tolerance allogenique. 

Le groupe traite par le peptide seul est 
egalement tolere dans une moindre me sure . 

Le groupe traite par DnaK-peptide de 
betalactoglobuline n'est pas tolerant du tout. 

15 Par ailleurs, les cultures mixtes stimulees 

par. une autre population allogenique provenant d ' une souche 
histoincompatible differente de C3H, sont toutes 
semblables. Ceci temoigne de ce qu ' aucun traitement n'a 
alt§re ni differencie la capacite de reponse en MLC, et q^ie 

2 0 l'effet du traitement est bien specif igue de la souche de 
souris dont proviennent les peptides de membranes . 

Comme represents dans la figure 5, on utilise 
la reponse en MLC de cellules d'animaux ni traites, ni 
greffes, pour reveler 1 1 existence de cellules etrangeres 

25 dans un melange de cellules spleniques d'animaux greffes, 
qui seraient dont ici d'origine C3H. 

II apparait que les rates de souris traitees 
oralement avant la greffe par LMp et DnaK-LMp contiennent 
des Elements allogeniques puisqu'elles donnent lieu a une 

30 reponse proliferative tres s igni f i cat i vemen t differente de 
la reponse du groupe controle traite par un complexe DnaK- 
peptides irrelevants (betalactoglobuline) . Ce dernier a une 
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reponse qui ne differe pas du bruit de fond. 

A titre comparatif, une serie de cultures 
mixtes ont ete menees parallelement avec des quant ites 
connues et croissantes de cellules C3H (figure 6) . Elles, 
5 donnent lieu a une reponse proliferative proportionnelle a 
la quantite de cellules etrangeres . 

Le niveau de reponse moyen enregistre avec 
des cellules spleniques d'animaux greffes et tolerises par 
complexes DnaK-LMp correspondrait a une teneur d 1 environ 
10 3 0% de cellules C3H. 

La presence de cellules du type greffe dans 
la rate est mesuree par immunofluorescence a 1 ' aide d'un 
anticorps specifique du MHC I de C3H (H-2kk) (table 5) . Le 
groupe traite par DnaK-LMp en contient 14.7% en moyenne, 
15 valeur signif icat ivement superieure a celle des deux autres 
groupe s . 

Cette presence d 1 allo-antigenes n'est 
observable qu'a la condition de laisser reposer les 
cellules spleniques d'animaux greffes pendant au moins une 

20 suit a 37 °C en 1 1 absence de serum, ceci suggere qu ' il est 
indispensable de permettre la reexpression de ces antigenes 
dont la presence serait ainsi modulee in vivo, 
vraisemblablement par des ■ anticorps anti-H-2kk. Ceci ajoute 
un autre me can is me de tolerance de la greffe a la tolerance 

25 purement adressee aux cellules T repondeuses . 
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Table 1 

Inhibitions de 1 1 anticorps monoclonal M6 liant le nBLG par 
des serums de souris individuels : evolution en fonction du 
temps en fonction le type de complexe administre oralement »- 



5 





% d 1 inhibition de la liaison de M6 


Moyenne 


Deviation 
standard 


Nombre de 
cas 


Groupe 1 : Controle (dBLG s exilement 




PREL 


1 


45 . 0100 


8 .4146 


8 


PREL 


2 


60 . 6750 


3 .9304 


8 


PREL 


3 


59 . 6338 


17 .4714 


8 


Groupe 2 : complexes dBLG-DnaK 


PREL 


1 


48 .4350 


7 . 0540 


8 


PREL 


2 


56.3675 


5.6146 


8 


PREL 


3 


77 . 0975 


3 . 8966 


8 


Groupe 3 : dBLG- 


PREL 


1 


23 .7350 


15 .3990 


8 


PREL 


2 


65.7013 


6 .2958 


8 


PREL 


3 


65 .3863 


4 .7270 


8 


Groupe 4 : dBLG- 


PREL 


1 


24.9538 


4 .7972 


8 


PREL 


2 


56.0100 


4 .3929 


8 


PREL 


3 


80.0287 


1.9401 


8 


Groupe 5 : dBLG- 


PREL 


1 


37.3313 


6 .4248 


8 


PREL 


2 


56.6962 


5 .5641 


8 


PREL 


3 


87.1525 


7 . 8731 


8 
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Table 2 

Inhibitions de l'anticorps monoclonal M7 liant le nBLG par 
des serums de souris individuels : evolution en fonction du 
temps en fonction le type de complexe administre oralement _ 





% d' inhibition de la liaison de M7 


Moyenne 


Deviation 
standard 


Nombre de 
cas 


Groupe 1 : Controle (dBXiG aeulementi 




PREL 


1 


70.0658 


3 .5541 


8 


PREL 


2 


52.8224 


2 .3458 


8 


PREXj 


3 


57.0592 


7. 8996 


8 


Groupe 2 : complexes dBLG-DnaK 


PREL 


1 


68 .9145 


2 . 6698 


8 


PREL 


2 


51.6908 


3 .0857 


8 


PREL 


3 


17 .2697 


8 . 0473 


8 


Groupe 3 : dJBLG- 


PREL 


1 


78 .4276 


3 .4832 


8 


PREL 


2 


50 . 8553 


3 . 9778 


8 


PREL 


3 


26 . 9145 


3.2069 


8 


Groupe 4 : dBLG- 


PREL 


1 


73.9671 


3 .1679 


8 


PREL 


2 


28 . 5132 


8 . 6072 


8 


PREL 


3 


30 .2829 


14 .2174 


8 


Groupe 5 : dBLG- 


PREL 


1 


72 .8355 


4 .7722 


8 


PREL 


2 


22 .2961 


9 .5040 


8 


PREL 


3 


41.3684 


6 .4331 


8 
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Table 3 

Titres d'anticorps anti (natif) nBLG apres transformations 
logarithmiques : evolution en fonction du temps en fonction 
le type de complexe administre oralement . 





Ln de titres (A. U. ) 


Moyenne 


Deviation 
standard 


Nombre de 
cas 


Groupe 1 : Controle (dBLG seulement 




PREL 


1 


3 . 8526 


.4547 


8 


PREL 


2 


4 .2162 


.3395 


8 


PREL 


3 


4 .2059 


.2946 


8 


Groupe 2 : complexes dBLG-DnaK 


PREL 


1 


3 .9738 


.7957 


8 


PREL 


2 


4 .3749 


. 6353 


8 


PREL 


3 


3 .2562 


.5057 


8 


Groupe 3 : dLBLG- 


PREL 


1 


3 .7073 


.4435 


7 


PREL 


2 


4 . 1348 


.5475 


8 


PREL 


3 


4 .3917 


.5047 


8 


Groupe 4 : dJBLG- 


PREL 


1 


4.3714 


.4215 


8 


PREL 


2 


3.641S 


.4704 


8 


PREL 


3 


3 . 9964 


.2724 


8 


Groupe 5 : dBLG- 


PREL 


1 


4.1526 


. 6401 


8 


PREL 


2 


4 .1739 


.4464 


8 


PREL 


3 


3 .6126 


.4873 


8 
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Table 4 

Differences de 1 ■ inhibition entre la liaison des anticorps 
M6 et M7 au nBLG : 





% d' inhibition de la liaison de M6 
-% d' inhibition de la liaison de M7 




Moyenne 


Deviation 
standard 


Noinbre de 
cas 


Groupe 1 : Controle (dBLG seulement 




PREL 


1 


-25.0558 


9 .0035 


8 


PREL 


2 


7.8526 


5 .6470 


8 


PREL 


3 


2.5745 


19 . 8676 


8 


Groupe 2 : complexes dBLG-DnaX 


PREL 


1 


-20.4795 


8 .5253 


8 


PREL 


2 


4.6767 


6.1131 


8 


PREL 


3 


59.8278 


9.2666 


8 


Groupe 3 : dBLG- 


PREL 


1 


-54 .6926 


13 . 8705 


8 


PREL 


2 


14 . 8460 


6 .4665 


8 


PREL 


3 


38.4718 


5.6903 


8 


Groupe 4 : dBLG- 


PREL 


1 


-49.0134 


3.9824 


8 


PREL 


2 


27.4968 


10.6337 


8 


PREL 


3 


49.7459 


14 .6732 


8 


Groupe 5 : dBLG- 


PREL 


1 


-35.5043 


4 . 8959 


8 


PREL 


2 


34 .4002 


13 .4093 


8 


PREL 


3 


45.7841 


8 .7931 


8 
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Table 5 

Cellules allogeniques persistantes (H-2kk + ) dans les rates 
de souris Balbc greffees avec des cellules C3H ; 



Traitement oral 


DnaK-Bp 


Lymphocyte Membrane 
peptide (LMp) seul 


DnaK-LMp 


1. 0% 


0 . 9% 


14.2% 


1.5 


2.8 


25.0 


0.5 
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T-tests couples ; 

DnaK-LMp / DnaK-Bp : p = 0.026 

DnaK-LMp / LMp : p = 0 . 052 
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RE VEND I CAT I ONS 

1. Composition pharmaceutique et/ou 
alimentaire comprenant avec un vehicule pharmaceutique 
et/ou alimentaire adequat , une proteine de stress et au 

5 moins un des epitopes conf ormationnel ou s§quentiel d'une 
structure antigenique induisant un re jet de greffe ou une 
reaction allergique ou une reaction auto-immune. 

2. Composition pharmaceutique et/ou 
alimentaire selon la revendication 1, caracterisee en ce 

10 que le vehicule pharmaceutique et/ou alimentaire est 
ad6quat pour une administration par voie mucosale ou par 
voie cutanee . 

3- Composition pharmaceutique et/ou 

alimentaire selon la revendication 1 ou 2, caracterisee en 
15 ce que la proteine de stress et 1 ' epitope forment un 
complexe . 

4. Composition pharmaceutique et/ou 
alimentaire selon l'une quelconque des revendications 
precedentes, caracterisee en ce que 1 1 epitope est obtenu 

20 par une hydro lyse avantageusement enzymatique, de 
preference a la pepsine, de ladite structure antigenique. 

5. Composition pharmaceutique et/ou 
alimentaire selon l'une quelconque des revendications 1 a 
4 r caract6ris£e en ce que la proteine de stress est une 

25 proteine bacterienne de stress. 

6. Composition pharmaceutique et/ou 
alimentaire selon la revendication 5, caracterisee en ce 
que la proteine bacterienne de stress est une proteine de 
stress d'une bacterie saprophyte - 

30 7. Composition pharmaceutique et/ou 

alimentaire selon l'une quelconque des revendications 5 ou 
6, caracterisee en ce que la proteine de stress est une 
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proteine de stress d f E. Coli . 

8 . Composition pharmaceutique et/ou 
alimentaire selon la revendication 7 , caracterisee en ce 
que la proteine de stress est choisie parmi le groups 

5 constitue par la proteine de stress GroEL, GrpE, DnaK, ou 
DNAJ. 

9. Composition pharmaceutique et/ou 
alimentaire selon l'une quelconque des revendications 
precedentes, caracterisee en ce que la structure 

10 antigenique est un allergene choisi parmi le groupe 
constitue par les antigenes majeurs allergiques presents 
dans le lait, en particulier la beta-lactoglobuline bovine 
(BLG) issue du lait de vache, les antigenes majeurs 
allergiques presents dans les vegetaux, en particulier dans 

15 les pollens, dans les poils d'animaux, dans les venins 
d'animaux, en particulier dans le venin de guepe, les 
antigenes majeurs de la reaction allergique aux acariens f a 
la mite presente dans la poussi&re de maison (antigene PI 
du Dermatophagoides pteronys sinus) , 1' antigene majeur de 

20 1 'Aspergillus fumigatus, 1 ' enterotoxine B staphylococcale 
(SEB) et le locus majeur d ' histocompatibility de type I ou 
II. 

10. Composition pharmaceutique et/ou 
alimentaire selon l'une quelconque des revendications 

25 precedentes caracterisee en ce qu'elle comporte un 
immunosuppresseur, de preference choisi parmi le groupe 
constitue par 1 ■ azathioprine, les steroldes, les globulines 
anti-lymphocitaires, la cyclosporine A, la rapamycine, le 
KF506 (tacrolimus) , ou des lymphokines , leurs analogues, 

3 0 leurs agonistes ou un melange d'entre eux. 

11. Utilisation de la composition 
pharmaceutique et/ou alimentaire selon l'une quelconque des 
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revendications prScSdentes pour la preparation d'un 
medicament destine a modifier la reponse immunitaire d * un 
patient vis-a-vis d'une structure antigenique specif ique 
d'une pathologie liee a un re jet de greffe, une reaction 
5 allergique ou une reaction auto- immune. 

.12* Utilisation de la composition 
pharmaceutique et/ou alimentaire selon 1 1 une quelconque des 
revendications 1 £ 9 pour la preparation d'un medicament 
destine a la. desensibilisation d 1 allergies atopiques ou non 
10 atopiques. 

13 . Utilisation de la composition 
pharmaceutique et/ou alimentaire selon l'une quelconque des 
revendications 1 a 9 pour la preparation d'un medicament 
destine au traitement ou a la prevention des maladies auto- 

15 immunes, en particulier les pathologies choisies parmi le 
groupe constitue par les infections liees au SL.E (Systemic 
Lupus Erythematosus disease) , le syndrome Gougerot-S j ogren 
(ou pathologie Sjogren) , la polyarthrite rhumatoxde, ainsi 
que les pathologies du type sarcoidosis et osteopenia, 

20 spondylarthritis, scleroderma, multiple sclerosis, 

amyotrophic lateral sclerosis, hyperthyroidism, maladie 
d' Addison, auto-immune haemolytic anaemia, maladie de 
Crohn, syndrome de Goddpasture, maladie de Graves, 
Hashimoto's thyroiditis, idiopathic purpura haemorrhagica, 

25 diabetes insulino - dependants , myasthenia, pemphigus 
vulgaris, pernicious anaemia, poststreptococcal 

glomerulonephritis, psoriasis et st6rilite spontanee. 

14. Utilisation de la composition 
pharmaceutique et/ou alimentaire selon l'une quelconque des 

30 revendications 1 a 10 pour la preparation d'un medicament 
destine au traitement ou & la prevention de re jets de 
gref f e . 
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FIG. 2 
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FIG. 3 
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T Tests : 

a: p<0.01 vs DnaK-Bp 
b: p<0.02 vs LMp 



FIG. 4 
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FIG. 5 




FIG. 6 
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